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(57) ABSTRACT

An image processing system includes animage coding device
serving as a host device that outputs image data, and an image
decoding device serving as a client device and including a
display part that displays an image based on image data
transmitted from the image coding device. The image coding
device includes an image quality controller that controls the
image quality of an image displayed on the display part in
accordance with an operation status A of the image process-
ing system. When the operation status is a status under which
a delay of displaying an image which is caused by transmis-
sion of image data from the image coding device to the image
decoding device is allowed, the image quality controller
increases the image quality of an image displayed on the
display part.
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1
IMAGE PROCESSING SYSTEM, METHOD OF
OPERATING IMAGE PROCESSING SYSTEM,
HOST APPARATUS, PROGRAM, AND
METHOD OF MAKING PROGRAM

TECHNICAL FIELD

The present invention relates to a technique of transmitting
image data.

BACKGROUND ART

In a case of transmitting image data between two devices,
a compression process (coding process) is generally per-
formed on the image data in order to suppress a transmission
band (for example, Patent Document 1). As a scheme for
compressing image data, for example, compression schemes
such as H.264 and MPEG (Moving Picture Experts Group)-4
are adopted. However, these compression schemes are irre-
versible compression schemes. Therefore, an image based on
the image data, which is obtained as a result of an expansion
process performed on the image data in a device having
received the image data, is an image having a deteriorated
image quality.

A delay time caused as a result of transmission of image
data and the image quality of the transmitted image are cor-
related with each other. Shortening the delay time results in a
deteriorated image quality, while an increased delay time is
required in order to maintain an image quality.

PRIOR-ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Application Laid-Open
No. 11-298890 (1999)

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

Here, in transmission of image data between devices, a
delay caused as a result of transmission of image data may be
sometimes unallowable. For example, in a system configured
such that, when a user who has visually checked an image on
a receiver-side device having received image data performs
some input operation on the receiver-side device, an image
reflecting the input operation is acquired from a transmitter-
side device and displayed; it is preferable that a response to
the input operation performed by the user is quickly obtained
from the viewpoint of the user friendliness.

In such a system, transmission of image data is performed
in such a manner that a suppressed delay time is caused as a
result of the transmission of image data. Therefore, an image
whose image quality is deteriorated is displayed on the
receiver-side device.

Therefore, an object of the present invention is to provide a
technique that can improve the image quality of an image
displayed based on transmitted image data, without impairing
the user friendliness due to a delay caused as a result of the
transmission of image data.

Means for Solving the Problems
A first aspect of an image processing system according to

the present invention includes: a host device that outputs
image data; and a client device including a display part that
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displays an image based on the image data transmitted from
the host device. The host device includes image quality con-
trol means for controlling an image quality of an image dis-
played on the display part in accordance with an operation
status of the image processing system. When the operation
status is a status under which a delay of displaying an image
which is caused by transmission of image data from the host
device to the client device is allowed, the image quality con-
trol means increases the image quality of an image displayed
on the display part.

A second aspect of the image processing system according
to the present invention is the first aspect, in which the image
quality control means included in the host device includes:
image quality set means for setting an image quality level of
an image displayed on the display part in accordance with the
operation status, and outputting image quality information
concerning the image quality level that has been set; coding
condition set means for setting a coding condition that is used
in coding, based on the image quality information; and coding
means for performing a coding process on the image data
based on the coding condition. In the operation status under
which the delay of displaying an image is allowed, the image
quality set means outputs the image quality information for
increasing the image quality level.

A third aspect of the image processing system according to
the present invention is the second aspect, in which the coding
condition set means identifies a unit coding area based on the
image quality information outputted from the image quality
set means and outputs the unit coding area as the coding
condition, the unit coding area being a region within one
frame of image data and indicating a range of management of
the amount of generated codes generated by coding. The
coding means includes: code amount control means for deter-
mining a target amount of codes per one macro block based
onthe coding condition and controlling a quantization param-
eter, the macro block being obtained as a result of dividing
one frame into a plurality of regions; and quantization means
for performing a quantization process by using a quantization
step that is determined in accordance with the quantization
parameter, and generating coded image data.

A fourth aspect of the image processing system according
to the present invention is the third aspect, in which the code
amount control means determines the target amount of codes
per one macro block included in the unit coding area such that
the amount of generated codes for the unit coding area falls
within a total target amount of codes for the unit coding area.

A fifth aspect of the image processing system according to
the present invention is any of the second to fourth aspects, in
which: the client device includes decoding means for per-
forming a decoding process on image data transmitted from
the host device, and the image processing system separately
and sequentially performs, on a unit coding area basis, the
coding process, a transmission process of transmitting image
data from the host device to the client device, and the decod-
ing process.

A sixth aspect of the image processing system according to
the present invention is any of the second to fifth aspects, in
which the operation status under which the delay of display-
ing an image is allowed includes a status in which a scene to
be viewed and listened to is displayed on the display part.

A seventh aspect of the image processing system according
to the present invention is the sixth aspect, in which: the host
device includes a storage part that stores a program for play-
ing the scene to be viewed and listened to; an image quality set
command for increasing the image quality level is incorpo-
rated in the program; and when the image quality set com-
mand is issued as a result of execution of the program, the
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image quality set means sets the image quality level in
response to the image quality set command.

An eighth aspect of the image processing system according
to the present invention is the seventh aspect, in which: the
program for playing the scene to be viewed and listened to is
configured as a function; and an API (Application Program
Interface) of the function is released to a programmer.

A ninth aspect of the image processing system according to
the present invention is the sixth aspect, in which: the host
device includes a storage part that stores a program for play-
ing the scene to be viewed and listened to; in a source code of
the program for playing the scene to be viewed and listened
to, a name of the scene to be viewed and listened to is written
as a comment; a preprocessor that performs a preprocess prior
to compiling converts the comment concerning the name of
the scene to be viewed and listened to into a source code of an
image quality set command for increasing the image quality
level; and the image quality set means sets the image quality
level in response to the image quality set command that
includes an object code generated from the source code and
that is issued as a result of execution of the program.

A tenth aspect of the image processing system according to
the present invention is any of the second to fifth aspects, in
which the operation status under which the delay of display-
ing an image is allowed includes a status in which a specific
genre of application software that requires a thinking time of
a user who is visually checking the display part is in execu-
tion.

An eleventh aspect of the image processing system accord-
ing to the present invention is the tenth aspect, in which: the
host device includes a storage part that stores a function for
issuing an image quality set command in accordance with a
genre of application software; the function is used in the
application software of the specific genre; in the application
software of the specific genre, the specific genre is set as a
parameter of the function; and when the image quality set
command for increasing the image quality level is issued as a
result of execution of the application software of the specific
genre, the image quality set means sets the image quality level
in response to the image quality set command.

A twelfth aspect of the image processing system according
to the present invention is the eleventh aspect, in which an API
of the function for issuing the image quality set command in
accordance with a genre of application software is released to
a programmer.

A thirteenth aspect of the image processing system accord-
ing to the present invention is the tenth aspect, in which: the
host device includes a storage part that stores a first function
and a second function, the first function being executed in an
initialization process of application software, the second
function being for issuing the image quality set command in
accordance with a genre of application software that is set in
a parameter of the first function; the first function is used in
the application software of the specific genre; in the applica-
tion software of the specific genre, the specific genre is set as
the parameter of the first function; the second function is
executed as a result of execution of the first function; and
when the image quality set command for increasing the image
quality level is issued as a result of execution of the applica-
tion software of the specific genre, the image quality set
means sets the image quality level in response to the image
quality set command.

A fourteenth aspect of the image processing system
according to the present invention is the thirteenth aspect, in
which an API of the first function is released to a programmer.

A fifteenth aspect of the image processing system accord-
ing to the present invention is the tenth aspect, in which: in a
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source code of the application software of the specific genre,
the specific genre is written as a comment; a preprocessor that
performs a preprocess prior to compiling converts the com-
ment concerning the specific genre into a source code of the
image quality set command for increasing the image quality
level; and the image quality set means sets the image quality
level in response to the image quality set command that
includes an object code generated from the source code and
that is issued as a result of execution of the application soft-
ware of the specific genre.

A sixteenth aspect of the image processing system accord-
ing to the present invention is any of the second to fifth
aspects, in which the operation status under which the delay
of displaying an image is allowed includes a status in which
the host device is reading data.

A seventeenth aspect of the image processing system
according to the present invention is the sixteenth aspect, in
which: the host device includes a storage part that stores a
program for executing read-out of data; an image quality set
command for increasing the image quality level is incorpo-
rated in the program; and when the image quality set com-
mand is issued as a result of execution of the program, the
image quality set means sets the image quality level in
response to the image quality set command.

An eighteenth aspect of the image processing system
according to the present invention is the seventeenth aspect, in
which: the program for executing read-out of data is config-
ured as a function; and an API of the function is released to a
programmer.

A nineteenth aspect of the image processing system
according to the present invention is any of the sixteenth to
eighteenth aspects, in which the status in which the host
device is reading data includes a status in which the host
device is reading data from an external storage medium that is
attached to the host device.

A twentieth aspect of the image processing system accord-
ing to the present invention is any of the second to fifth
aspects, in which: the client device includes operation detec-
tion means for detecting a user’s operation on the client
device; and the operation status under which the delay of
displaying an image is allowed includes a status in which the
amount of user’s operation detected by the operation detec-
tion means is equal to or less than a predetermined amount.

A twenty-first aspect of the image processing system
according to the present invention is the twentieth aspect, in
which: the client device transmits information detected by the
operation detection means, which serves as operation infor-
mation, to the host device; and in a case where a non-opera-
tion period identified based on the operation information is
equal to or longer than a predetermined period, the image
quality set means outputs the image quality information for
increasing the image quality level.

A twenty-second aspect of the image processing system
according to the present invention is the twentieth or twenty-
first aspect, in which: the operation detection means includes
a detection sensor that detects amovement of the client device
caused by a user; the client device transmits, to the host
device, the operation information including information
detected by the detection sensor; and in a case where the
amount of movement of the client device identified based on
the information detected by the detection sensor remains
unchanged over a predetermined time period, the image qual-
ity set means increases the image quality level.

A twenty-third aspect of the image processing system
according to the present invention is the twentieth aspect, in
which: the client device transmits information detected by the
operation detection means, which serves as operation infor-
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mation, to the host device; the host device includes operation
monitor means for monitoring a user’s operation on the client
device based on the operation information; and in a case
where the amount of user’s operation is equal to or larger than
a predetermined amount, the operation monitor means out-
puts an image quality set command for lowering the image
quality level, and in a case where the amount of user’s opera-
tion is less than the predetermined amount, the operation
monitor means outputs an image quality set command for
increasing the image quality level.

A twenty-fourth aspect of the image processing system
according to the present invention is any of the second to
twenty-third aspects, in which the image quality set means
outputs image quality information for lowering the image
quality level at a time point prior to a time point when the
operation status is changed from an operation status under
which the delay of displaying an image is allowed to an
operation status under which the delay of displaying an image
is not allowed.

A twenty-fifth aspect of the image processing system
according to the present invention is any of the twentieth to
twenty-fourth aspects, in which: the host device includes a
storage part that stores a program for executing a predeter-
mined event at a time point prior to a scene change time point
at which a scene is changed from a scene not requesting a
user’s operation to a scene requesting a user’s operation; an
image quality set command for lowering the image quality
level is incorporated in the program; and when the image
quality set command is issued as a result of execution of the
program, the image quality set means sets the image quality
level in response to the image quality set command.

A twenty-sixth aspect of the image processing system
according to the present invention is the twenty-fifth aspect,
in which: the program for executing the predetermined event
is configured as a function; and an API of the function is
released to a programmer.

A twenty-seventh aspect of the image processing system
according to the present invention is any of the twentieth to
twenty-fourth aspects, in which: the host device includes a
storage part that stores a program for executing an event at a
scene change time point at which a scene is changed from a
scene not requesting a user’s operation to a scene requesting
auser’s operation; a source code of the program for executing
an event at the scene change time point includes a special
command for, when the source code is compiled, placing an
image quality set command for lowering the image quality
level at a time point a predetermined time period prior to the
scene change time point; and when the image quality set
command is issued as a result of execution of the program that
includes an object code generated by compiling of the source
code, the image quality set means sets the image quality level
in response to the image quality set command.

A twenty-eighth aspect of the image processing system
according to the present invention is the twenty-seventh
aspect, in which: the program for executing an event at the
scene change time point is configured as a function; and an
API of the function is released to a programmer.

A twenty-ninth aspect of the image processing system
according to the present invention is any of the second to fifth
aspects, in which: the client device includes operation detec-
tion means for detecting a user’s operation on the client
device; the client device transmits information detected by
the operation detection means, which serves as operation
information, to the host device; and the operation status under
which the delay of displaying an image is allowed includes a
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status in which the host device is set such that the host device
does not accept an instruction based on the operation infor-
mation.

A thirtieth aspect of the image processing system accord-
ing to the present invention is the twenty-ninth aspect, in
which: the host device includes a storage part that stores a
program for preventing acceptance of an instruction based on
the operation information; an image quality set command for
increasing the image quality level is incorporated in the pro-
gram; and when the image quality set command is issued as a
result of execution of the program, the image quality set
means sets the image quality level in response to the image
quality set command.

A thirty-first aspect of the image processing system
according to the present invention is the thirtieth aspect, in
which: the program for preventing acceptance of an instruc-
tion based on the operation information is configured as a
function; and an API of the function is released to a program-
mer.

A thirty-second aspect of the image processing system
according to the present invention is any of the second to fifth
aspects, in which: the host device includes image generation
means for generating a 3D image; the client device includes
operation detection means for detecting a user’s operation on
the client device; and the operation status under which the
delay of displaying an image is allowed includes a status in
which the position of a viewpoint of viewing the 3D image
generated by the image generation means is moving and
additionally the operation detection means has not detected a
user’s operation in a predetermined period prior to occur-
rence of the movement of the position of the viewpoint.

A thirty-third aspect of the image processing system
according to the present invention is the thirty-second aspect,
in which: the client device transmits information detected by
the operation detection means, which serves as operation
information, to the host device; in a case where viewing
transformation that continuously changes the position of the
viewpoint is performed in generation of a 3D image, the
image generation means outputs, to the image quality set
means, a signal indicating that the position of the viewpoint is
continuously changing; and in a case where auser’s operation
performed in a predetermined period prior to reception of the
signal indicating that the position of the viewpoint is continu-
ously changing is not detected based on the operation infor-
mation, the image quality set means outputs the image quality
information for increasing the image quality level.

A thirty-fourth aspect of the image processing system
according to the present invention is any of the second to fifth
aspects, in which: the host device includes image generation
means for generating a 3D image; the client device includes
operation detection means for detecting a user’s operation on
the client device; the client device transmits information
detected by the operation detection means, which serves as
operation information, to the host device; in a case where
viewing transformation that continuously changes the posi-
tion of the viewpoint is performed in generation of a 3D
image, the image generation means outputs, to the image
quality set means, a signal indicating that the position of the
viewpoint is continuously changing; and in a case where a
user’s operation performed in a predetermined period prior to
reception of the signal indicating that the position of the
viewpoint is continuously changing is detected based on the
operation information, the image quality set means outputs
the image quality information for lowering the image quality
level.

A thirty-fifth aspect of the image processing system
according to the present invention is the first aspect, in which
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the image quality control means included in the host device
includes: image quality set means for setting an image quality
level of an image displayed on the display part in accordance
with the operation status, and outputting image quality infor-
mation concerning the image quality level that has been set;
and coding means for performing a coding process on the
image data based on the image quality information, and the
coding means includes: code amount control means for iden-
tifying a unit coding area based on the image quality infor-
mation, determining a target amount of codes per one macro
block based on the unit coding area, and controlling a quan-
tization parameter, the unit coding area being a region within
one frame of image data and indicating a range of manage-
ment of the amount of generated codes generated by coding,
the macro block being obtained as a result of dividing one
frame into a plurality of regions; and quantization means for
performing a quantization process by using a quantization
step that is determined in accordance with the quantization
parameter, and generating coded image data.

A thirty-sixth aspect of the image processing system
according to the present invention is the first aspect, in which
the image quality control means included in the host device
includes: delay time set means for setting an allowable delay
time in displaying an image on the display part in accordance
with the operation status, and outputting delay time informa-
tion concerning the allowable delay time that has been set;
and coding means for performing a coding process on the
image data based on the delay time information, and the
coding means includes: code amount control means for iden-
tifying aunit coding area based on the delay time information,
determining a target amount of codes per one macro block
based on the unit coding area, and controlling a quantization
parameter, the unit coding area being a region within one
frame of image data and indicating a range of management of
the amount of generated codes generated by coding, the
macro block being obtained as a result of dividing one frame
into a plurality of regions; and quantization means for per-
forming a quantization process by using a quantization step
that is determined in accordance with the quantization param-
eter, and generating coded image data.

A first aspect of a host device according to the present
invention includes: output means for generating image data of
an image to be displayed on a display part of a client device,
and outputting the image data; and image quality control
means for controlling an image quality of an image displayed
on the display part in accordance with an operation status of
an image processing system that includes the host device and
the client device. The image quality control means increases
the image quality of the image when the operation status is a
status under which a delay of displaying an image which is
caused by transmission of image data from the host device to
the client device is allowed.

A first aspect of a method for operating an image process-
ing system according to the present invention is a method for
operating an image processing system including a host device
that outputs image data and a client device having a display
part that displays an image based on the image data transmit-
ted from the host device. The method includes the steps of: (a)
in the host device, recognizing an operation status of the
image processing system; and (b) in a case where an operation
status under which a delay of displaying an image which is
caused by transmission of image data from the host device to
the client device is allowed is recognized in the step (a),
increasing an image quality of an image displayed on the
display part.

A second aspect of the method for operating the image
processing system according to the present invention is the
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first aspect of the operation method, in which the step (b)
includes: an image quality set step for setting an image quality
level of an image displayed on the display part in accordance
with the operation status recognized in the step (a), and out-
putting image quality information concerning the image qual-
ity level that has been set; a coding condition set step for
setting a coding condition that is used in coding, based on the
image quality information; and a coding step for performing
a coding process on the image data based on the coding
condition. In the image quality set step, the image quality
information for increasing the image quality level is outputted
in the operation status under which the delay of displaying an
image is allowed.

A third aspect of the method for operating the image pro-
cessing system according to the present invention is the sec-
ond aspect of the operation method, in which: in the coding
condition set step, a unit coding area is identified based on the
image quality information outputted in the step (b-1) and the
unit coding area is outputted as the coding condition, the unit
coding area being a region within one frame of image data and
indicating a range of management of the amount of generated
codes generated by coding; and the coding step includes: a
code amount control step for determining a target amount of
codes per one macro block based on the coding condition and
controlling a quantization parameter, the macro block being
obtained as a result of dividing one frame into a plurality of
regions; and a quantization step for performing a quantization
process by using a quantization step that is determined in
accordance with the quantization parameter, and generating
coded image data.

A fourth aspect of the method for operating the image
processing system according to the present invention is the
third aspect of the operation method, in which in The code
amount control step, the target amount of codes per one macro
block included in the unit coding area is determined such that
the amount of generated codes for the unit coding area falls
within a total target amount of codes for the unit coding area.

A fifth aspect of the method for operating the image pro-
cessing system according to the present invention is any of the
second to fourth aspects of the operation method, further
including a decoding step for performing, in the client device,
a decoding process on image data transmitted from the host
device. In the image processing system, the coding process, a
transmission process of transmitting image data from the host
device to the client device, and the decoding process are
separately and sequentially performed on a unit coding area
basis.

A sixth aspect of the method for operating the image pro-
cessing system according to the present invention is any of the
second to fifth aspects of the operation method, in which in
the image quality set step, image quality information for
lowering the image quality level is outputted at a time point
prior to a time point when the operation status is changed
from an operation status under which the delay of displaying
an image is allowed to an operation status under which the
delay of displaying an image is not allowed.

A first aspect of a program according to the present inven-
tion is a program that causes a computer to execute a process.
The computer being built in a host device of an image pro-
cessing system including the host device that outputs image
data and a client device having a display part that displays an
image based on the image data transmitted from the host
device. The process includes the steps of: when an operation
status of the image processing system is a status under which
a delay of displaying an image which is caused by transmis-
sion of image data from the host device to the client device is
allowed, issuing an image quality set command for increasing



US 9,406,104 B2

9

an image quality level of an image displayed on the display
part; and setting the image quality level in response to issu-
ance of the image quality set command.

A first aspect of a method for making a program according
to the present invention is a method for making a program
stored in a storage part of ahost device of an image processing
system including the host device that outputs image data and
a client device having a display part that displays an image
based on the image data transmitted from the host device. The
method includes the steps of: by a preprocessor that performs
a preprocess prior to compiling, converting a comment indi-
cating a name of a scene to be viewed and listened to, which
is written in a source code of a program for playing the scene
to be viewed and listened to, into a source code of an image
quality set command for increasing an image quality level of
an image displayed on the display part; and by compiling,
generating from the source code a program including an
object code of the image quality set command for increasing
the image quality level.

A second aspect of a method for making the program
according to the present invention is a method for making a
program stored in a storage part of a host device of an image
processing system including the host device that outputs
image data and a client device having a display part that
displays an image based on the image data transmitted from
the host device. The method includes the steps of: by a pre-
processor that performs a preprocess prior to compiling, con-
verting a comment indicating a specific genre, which is writ-
ten in a source code of application software of the specific
genre, into a source code of an image quality set command for
increasing an image quality level of an image displayed on the
display part; and by compiling, generating from the source
code a program including an object code of the image quality
set command for increasing the image quality level.

A third aspect of the method for making the program
according to the present invention is a method for making a
program stored in a storage part of a host device of an image
processing system including the host device that outputs
image data and a client device having a display part that
displays an image based on the image data transmitted from
the host device. The method includes the step of compiling a
source code of a program that executes an event at a scene
change time point at which a scene is changed from a scene
notrequesting a user’s operation to a scene requesting a user’s
operation. The source code includes a special command for
executing the step so that an image quality set command for
lowering an image quality level of an image displayed on the
display part is placed at a time point a predetermined time
period prior to the scene change time point.

Effects of the Invention

The present invention can improve the image quality of an
image displayed based on transmitted image data, without
impairing the user friendliness due to a delay caused as a
result of the transmission of image data.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 A diagram showing an outline configuration of an
image processing system according to an embodiment of the
present invention.
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FIG. 2 A diagram showing specific configurations of an
image coding device and an image decoding device included
in the image processing system.

FIG. 3 A block diagram showing a configuration of a cod-
ing part.

FIG. 4 A table showing the relationship between an image
quality mode and a coding conditions

FIG. 5 A diagram for explaining a coding process per-
formed in the image coding device.

FIG. 6 A diagram for explaining the coding process per-
formed in the image coding device.

FIG. 7 A diagram for explaining the coding process per-
formed in the image coding device.

FIG. 8 A diagram showing a transmission operation of
transmitting image data from the image coding device to the
image decoding device.

FIG. 9 An exemplary design of a game program.

FIG. 10 An exemplary design of the game program.

FIG. 11 An exemplary design of the game program.

FIG. 12 A diagram for explaining a method for shifting the
image quality mode to a low-side image quality mode by a
scene change time point.

FIG. 13 A diagram for explaining the method for shifting
the image quality mode to a low-side image quality mode by
the scene change time point.

FIG. 14 A diagram showing a specific configuration of an
image processing system according to a modification.

FIG. 15 A diagram showing a specific configuration of an
image processing system according to a modification.

FIG. 16 A diagram showing the relationship between a
game genre and a variable range of an image quality level.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

In the following, an embodiment of the present invention
will be described with reference to the drawings.

1. Embodiment

1-1. Outline

FIG. 1 is a diagram showing an outline configuration of an
image processing system 1 according to an embodiment of
the present invention.

As shown in FIG. 1, the image processing system 1
includes an image coding device 10 and an image decoding
device 30.

The image coding device 10 of the image processing sys-
tem 1 codes image data generated by an image generator 11.
The image data coded by the image coding device 10 is
transmitted from the image coding device 10 to the image
decoding device 30 through communication means (output
means) such as wired communication or wireless communi-
cation. The image data transmitted to the image decoding
device 30 is decoded by the image decoding device 30, and
displayed on a display part 34.

The image processing system 1 of this embodiment
includes an image quality controller 15 for controlling the
image quality of an image that is displayed on the display part
34. The image quality controller 15 detects an operation sta-
tus SA of the image processing system 1 and, in accordance
with the detected operation status SA, controls the image
quality of an image that is displayed on the display part 34.

In the image processing system 1, operation information a
user (operator) has inputted via an operation part 35 of the
image decoding device 30 is transmitted from the image
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decoding device 30 to the image coding device 10 through the
communication means, and the image processing system 1
performs an operation in accordance with the operation infor-
mation.

In the image processing system 1, the image coding device
10 functions as a host device that serves as the core of pro-
cessing within the system. The image decoding device 30
functions as a client device that operates with use of a func-
tion, data, or the like, provided by the host device. Accord-
ingly, in the image processing system 1, for example, a plu-
rality of image decoding devices 30 may be provided to one
image coding device 10. In such a case, image data is trans-
mitted from the one image coding device 10 to the plurality of
image decoding devices 30.

As an example of the image processing system 1, a game
system is assumed. In the game system, the image coding
device 10 operates as a gaming machine main body and the
image decoding device 30 operates as an operation terminal
machine (also referred to simply as “operation terminal” or
“terminal”). A game operator can enjoy a game by giving an
instruction operation to the operation terminal while visually
checking an image displayed on a display part of the opera-
tion terminal.

In the following, details of the image processing system 1
will be described based on the assumption that the image
processing system 1 is a game system. [t is to be noted that the
image processing system 1 includes not only a system such as
a game system which is required to give a response to an
operation performed by a user having visually checked the
display part, but also other systems in which no time lag
(delay) is allowed relative to a display of an image on the
display part.

In the specification herein, to avoid unnecessarily compli-
cating the description, both of the image data of an image and
the image itself are expressed by the same term “image”, as
long as it causes no confusion. In the specification herein, the
term “image” is used to express a concept that encompasses
both of a still image and a moving image.

1-2. Configuration

Next, specific configurations of the image coding device 10
and the image decoding device 30 included in the image
processing system 1 will be described in detail. FIG. 2 is a
diagram showing specific configurations of the image coding
device 10 and the image decoding device 30 included in the
image processing system 1.

As shown in FIG. 2, the image coding device 10 includes an
image generator 11, an overall controller 12, a coding part 13,
and a communication part 14.

The image generator 11 is configured of a GPU (Graphic
Processing unit), and has a function for sequentially generat-
ing image data of images that form a moving image. The GPU
is a semiconductor chip that is designed to specialize particu-
larly in image processing as compared in a general-purpose
CPU. The GPU is, separately from a normal CPU, mounted to
the image coding device 10. The image data generated by the
image generator 11 is outputted to the coding part 13. The
image generator 11 is also able to generate image data of a
moving image by using image data stored in an external
storage medium (not shown) such as a memory card or a
CD-ROM mounted to the image coding device 10.

The coding part (also referred to as “encoder”) 13 performs
a compression process (also referred to as “coding process™)
having a predetermined moving image compression scheme
on the image data received from the image generator 11,
thereby generating compressed image data. As the moving

10

15

20

25

30

35

40

45

50

55

60

65

12

image compression scheme, for example, H.264, MPEG
(Moving Picture Experts Group)-2, or MPEG-4 is adopted. A
detailed configuration of the coding part 13 will be described
later.

The compressed image data generated by the coding part
13 is inputted to the communication part 14, and transmitted
to the outside of the image coding device 10 by the commu-
nication part 14.

The overall controller 12 is configured of a CPU, a ROM,
a RAM, and the like (all of which are not shown), and collec-
tively controls operations of the image coding device 10 and
the image processing system 1. The overall controller 12 also
functionally implements an image quality set part 121 and a
coding condition set part 122 by causing the CPU to execute
aprogram stored in the ROM. The image quality set part 121
and the coding condition set part 122 will be described later.

The image coding device 10 receives from the image
decoding device 30 the operation information inputted by the
user (operator) who is using the image decoding device 30 as
a client device, and analyzes the operation information in the
overall controller 12. The overall controller 12 implements
various operations in response to the operation information.

On the other hand, the image decoding device 30 includes
acommunication part 31, an overall controller 32, a decoding
part 33, a display part 34, and an operation part 35.

The communication part 31 receives data (transmission
data) transmitted from the image coding device 10, and out-
puts the transmission data to the overall controller 32 or to the
decoding part 33. For example, the compressed image data
included in the transmission data is outputted to the decoding
part 33 by the communication part 31.

The decoding part (also referred to as “decoder”) 33 per-
forms an expansion process (also referred to as “decoding
process”) on the compressed image data, to acquire the image
data.

The decoded image data is displayed on the display part 34
that is configured as an LCD (Liquid Crystal Display), an
organic EL display, or the like.

The overall controller 32 is configured of a CPU, a ROM,
a RAM, and the like (all of which are not shown), and collec-
tively controls operations (such as a communication opera-
tion, a decoding process, and a display process) of the image
decoding device 30.

The operation part 35 includes a direction selection key, a
push button, and the like, and is configured to input the user’s
instruction operation to the image processing system 1. That
is, the operation part 35 functions as operation detection
means for detecting an operation the user has performed on
the image decoding device 30. The instruction operation
inputted through the operation part 35 is analyzed by the
overall controller 32, and then operation information in accor-
dance with the instruction operation is outputted to the image
coding device 10.

1-3. Detailed Configuration of Coding Part

Next, the coding part 13 of the image coding device 10 will
be described in detail. FIG. 3 is a block diagram showing a
configuration of the coding part 13.

As shown in FIG. 3, the image data outputted from the
image generator 11 is stored in an image memory (frame
memory) 212 via an interface (IF) part 211. The image
memory 212 temporarily stores the image data on a frame
basis.

Then, a memory read-out part 213 reads out the image data
from the image memory 212 on a block basis. The block is
obtained by dividing the image into a plurality of regions (for
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example, a block of 16 pixelsx16 pixels). The image data
(also referred to as “block image data”) 51 that has been read
outon ablock basis is inputted to the coding part 13 (and more
specifically to a difference calculation part 217, an intra-
prediction part 214, and an inter-prediction part 215).

In this manner, in the image coding device 10, the image
data is read out on a block basis, and the coding process is
performed on each block (also referred to as “macro block™ or
“compression block™).

The compression process performed by the coding part 13
of'the image coding device 10 is broadly classified into three
processes, namely, a prediction image generation process, a
residual error signal coding process, and a local decoding
process.

The prediction image generation process is implemented
by prediction image output means that includes the intra-
prediction part 214, the inter-prediction part 215, and an
intra/inter switching part 216 shown in FIG. 3.

The intra-prediction part 214 performs an intra-screen pre-
diction, to generate an intra-prediction image. More specifi-
cally, the intra-prediction part 214 receives the block image
data 51 and a local decoded image 52 of coded data, which are
inputted thereto, and then determines a prediction direction
that provides the most optimal coding efficiency from candi-
date prediction directions. Then, the intra-prediction part 214
outputs, as intra information 53, an intra-prediction image
(intra-prediction signal) and intra-prediction information (in-
formation concerning the prediction direction).

The inter-prediction part 215 performs an inter-screen pre-
diction, to generate an inter-prediction image. More specifi-
cally, the inter-prediction part 215 receives the block image
data 51 and a local decoded image of coded data, which are
inputted thereto, and then determines a motion vector that
provides the most optimal coding efficiency. Then, the inter-
prediction part 215 outputs, as inter information 54, an inter-
prediction image (inter-prediction signal) and inter-predic-
tion information (information concerning the motion vector).

The intra/inter switching part 216 receives the intra infor-
mation 53, the inter information 54, and the block image data
51, which are inputted thereto. The intra/inter switching part
216 selects either one of the intra information 53 and the inter
information 54, and outputs the selected one. The intra/inter
switching part 216 calculates a difference value between the
intra-prediction image and the block image data 51, and a
difference value between the inter-prediction image and the
block image data 51. Then, the intra/inter switching part 216
compares the two difference values against each other, and
thereby outputs, to a difference calculation part 217 and to an
adding calculation part 223, a prediction image 55 that is one
of the intra-prediction image and the inter-prediction image
whose difference from the block image data is smaller.

The intra/inter switching part 216 also outputs, to an
entropy coding part 221, prediction information 56 concern-
ing the outputted prediction image 55. That is, when the
intra-prediction image is outputted as the prediction image
55, the intra-prediction information is outputted as the pre-
diction information 56, while when the inter-prediction
image is outputted as the prediction image 55, the inter-
prediction information is outputted as the prediction informa-
tion 56.

The residual signal coding process is implemented by the
difference calculation part 217, an orthogonal transform part
218, a quantization part 219, a code amount controller 220,
and the entropy coding part 221 shown in FIG. 3.

The difference calculation part 217 calculates a difference
in the pixel value between the block image data 51 and the
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prediction image 55, and outputs a residual signal (difference
signal) 57 indicating a resulting difference to the orthogonal
transform part 218.

The orthogonal transform part 218 performs a so-called
discrete cosine transform (DCT), by which the residual signal
57 is orthogonally transformed into a DCT coefficient 58 in a
frequency domain. The DCT coefficient 58 obtained as a
result of the transform is inputted to the quantization part 219.

The quantization part 219 quantizes the DCT coefficient
58, and thereby the DCT coefficient 58 is transformed into a
quantization coefficient 59. Such quantization is achieved by
dividing the DCT coefficient 58 by using a quantization step
that is determined by the code amount controller 220. The
quantization coefficient 59 obtained by the quantization part
219 is inputted to the entropy coding part 221 and to a local
decoding part 222.

The entropy coding part 221 performs, for example, a
variable-length coding process such as Huffman coding or an
arithmetic coding process on the quantization coefficient 59
received from the quantization part 219 and the prediction
information 56 received from the intra/inter switching part
216, to thereby generate coding data 60. The coding data 60 is
temporarily accumulated in a transmission buffer (not
shown), and then outputted as the compressed image data to
the outside of the coding part 13. The compressed image data
contains information about coding of, for example, the coded
prediction information 56. Therefore, a decoding device that
receives the compressed image data and reconfigures the
image is able to perform decoding by using this information
about coding.

The entropy coding part 221 outputs the amount 61 of
generated coding data (the amount of generated codes) to the
code amount controller 220 at an appropriate time.

The code amount controller 220 functions as information
generation means for determining a quantization step that is
used for quantization and then outputting the quantization
step as quantization information 62 to the quantization part
219. The quantization step indicates the roughness of quan-
tization. A smaller quantization step provides a greater sup-
pression of deterioration in the image quality but increases the
amount of codes. The code amount controller 220 controls a
quantization parameter having a predetermined relationship
with the quantization step, and thereby derives the quantiza-
tion step. A control of setting of the quantization parameter is
performed based on a coding condition that is received from
the coding condition set part 122 of the overall controller 12.
The control of setting of the quantization parameter will be
described later.

The quantization parameter is a variable having a prede-
termined relationship with the quantization step. For
example, in a case of MPEG-2, the quantization parameter is
proportional to the quantization step, and in a case of H.264,
the quantization parameter is proportional to the logarithm of
the quantization step.

The local decoding process is implemented by the local
decoding part 222, the adding calculation part 223, and a
reference image memory 224 shown in FIG. 3.

The local decoding part 222 performs an inverse quantiza-
tion process on the quantization coefficient 59, and then per-
forms the calculation (inverse DCT) opposite to the DCT
thereon, to output a result of the calculation (the residual
signal 63 that has been reconfigured). The adding calculation
part 223 performs an adding process on the result of the
calculation of the local decoding part 222 by using the pre-
diction image 55 generated by the intra-prediction part 214 or
the inter-prediction part 215, and then outputs the local
decoded image (also referred to as “reference image”) 52
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obtained as a result of the adding process. The local decoded
image is temporarily accumulated in the reference image
memory 224.

As thus far described, the coding part 13 performs the
intra-screen prediction or the inter-screen prediction based on
the image data generated by the image generator 11, and
codes this image data.

1-4. Regarding Image Quality Control

As described above, the image processing system 1
includes the image quality controller 15 for controlling the
image quality of an image that is displayed on the display part
34 in accordance with the operation status of the image pro-
cessing system 1. FIG. 4 is a table showing the relationship
between an image quality mode and the coding condition.

As shown in FIG. 2, the image quality controller 15 is a
function part achieved by the coding part 13 cooperating with
the image quality set part 121 and the coding condition set
part 122 that are functionally implemented in the overall
controller 12.

More specifically, the image quality set part 121 sets the
image quality level of an image that is displayed on the
display part 34, in accordance with the operation status of the
image processing system 1. The setting of the image quality
level is performed by, for example, changing a mode (image
quality mode) concerning the image quality level. In the
image processing system 1, for example, three kinds of the
image quality mode are provided, namely, a high image qual-
ity mode, a middle image quality mode, and a low image
quality mode. The image quality set part 121 selects one kind
from these plurality of kinds of the image quality mode.

The selection of the image quality mode reflects the opera-
tion status of the image processing system 1. In the image
processing system 1 serving as a game system, in many cases,
the operation is performed in a relatively low image quality
mode (the low image quality mode or the middle image
quality mode), and the image quality mode is shifted from the
low image quality mode to a relatively high-side image qual-
ity mode (the high image quality mode or the middle image
quality mode) in accordance with the operation status.

Examples of the operation status of the image processing
system 1 at a time of shifting the image quality mode from the
low image quality mode to the high-side image quality mode
include: (1) a status in which a scene to be viewed and listened
to is displayed on the display part 34; (2) a status in which it
is assumed that there is a little input operation performed by
the user; (3) a status in which the image coding device 10 is
reading data; and (4) a status in which the user does not
actually perform an operation on the image decoding device
30.

Each of the operation statuses (1) to (3) is recognized by
issuance of an image quality set command that is incorpo-
rated in a program (herein, a game program) in execution.

More specifically, when the CPU of the overall controller
12 executes a program and thereby issues an image quality set
command that is incorporated in this program, the image
quality set part 121 changes the image quality mode in accor-
dance with the image quality set command.

The operation status (4) is a status recognized based on the
operation information received from the image decoding
device 30. The image quality set part 121 changes the image
quality mode in accordance with the user’s operation status
that is recognized based on the operation information. Details
will be described later.

When the image coding device 10 is started up and when
the image quality mode is changed, the image quality set part
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121 notifies the coding condition set part 122 of information
(also referred to as “image quality information™) concerning
a current image quality level. Here, the image quality mode is
used as the image quality information. The notification of the
image quality mode is performed by using, for example, a flag
assigned to each image quality mode.

Based on the current image quality mode notified from the
image quality set part 121, the coding condition set part 122
sets conditions for coding (coding condition). The setting of
the coding condition can be performed by using, for example,
a table indicating the relationship between the image quality
mode and the coding condition. This embodiment illustrates
a case of setting the coding condition by using a table TB1 as
shown in FIG. 4. In a case of setting the coding condition by
using this table TB1, when the current image quality mode is
the high image quality mode, a condition EC1 is set as the
coding condition. When the current image quality mode is the
middle image quality mode, a condition EC2 is set as the
coding condition. When the current image quality mode is the
low image quality mode, a condition EC3 is set as the coding
condition. The coding condition set part 122 is also called a
coding information acquisition part that acquires coding
information used for coding based on the image quality infor-
mation.

After the setting of the coding condition is completed, the
coding condition set part 122 outputs, to the coding part 13,
the coding condition that has been set.

Based on the coding condition received from the coding
condition set part 122, the coding part 13 performs the coding
process on image data.

The coding process performed in the image coding device
10 will be described in detail. FIGS. 5 to 7 are diagrams for
explaining the coding process performed in the image coding
device 10.

In the image coding device 10, the coding process is per-
formed while a unit coding area (unit coding region) is
changed based on the coding condition received from the
coding condition set part 122 of the overall controller 12.

The unit coding area is a region within one frame of the
image data, and represents a range of management of the
amount of generated codes at a time of performing the coding
process. For example, when a region AE1 that occupies V5 of
one frame FR is set as a processing unit in the coding process
as shown in FIG. 5, the %5 frame region AE1 constitutes the
unit coding area. When a region AE2 that occupies %4 of one
frame FR is set as the processing unit in the coding process as
shown in FIG. 6, the %4 frame region AE2 constitutes the unit
coding area. When an entire region AE3 of one frame FR is set
as the processing unit in the coding process as shown in FIG.
7, the entire region AE3 constitutes the unit coding area.

Such a change in the unit coding area is performed by the
code amount controller 220 based on the coding condition
that is received from the coding condition set part 122.

More specifically, in this embodiment, the number of
macro blocks (also referred to as “the number of unit process-
ing blocks™) included in the unit coding area is used as the
coding condition. The value set for the number of unit pro-
cessing blocks is different depending on the coding condi-
tions, and in other words, different depending on the image
quality mode. In this embodiment using the table TB1 shown
in FIG. 4, in the high image quality mode, the number of unit
processing blocks is set to be the number of blocks corre-
sponding to one frame. In the middle image quality mode, the
number of unit processing blocks is set to be the number of
blocks corresponding to the %4 frame. In the low image qual-
ity mode, the number of unit processing blocks is set to be the
number of blocks corresponding to the V4 frame.
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As aresult, the number of unit processing blocks outputted
from the coding condition set part 122 differs depending on
the kind of the current image quality mode.

The code amount controller 220 identifies the unit coding
area based on the number of unit processing blocks received
from the coding condition set part 122. Therefore, when the
number of unit processing blocks received from the coding
condition set part 122 is changed, the unit coding area iden-
tified by the code amount controller 220 is changed. That is,
in this embodiment, in the high image quality mode, a region
corresponding to one frame is set as the unit coding area; in
the middle image quality mode, a region corresponding to the
% frame is set as the unit coding area; and in the low image
quality mode, a region corresponding to the V5 frame is set as
the unit coding area.

Such a change in the unit coding area in performing the
coding process results in a change in the image quality of the
image data.

To be specific, in performing the coding process, the cod-
ing part 13 manages the amount of codes on a unit coding area
basis. Thus, in performing the coding process, the coding part
13 controls the target amount of codes (also referred to as “the
unit target amount of codes™) per one macro block such that
the amount of actually generated codes in the unit coding area
falls within the total target amount of codes for this unit
coding area.

In more detail, the code amount controller 220 multiplies
the reference amount of codes per one macro block by the
number of macro blocks included in the unit coding area, to
thereby obtain the total target amount “TM” of codes for this
unit coding area. Based on the amount of generated codes
received from the entropy coding part 221, the code amount
controller 220 obtains the amount “FA” of generated codes
concerning coding-processed macro blocks (processed
blocks) among the macro blocks included in the unit coding
area.

Then, the code amount controller 220 identifies the number
“BN” of macro blocks (unprocessed blocks) on which the
coding process has not yet been completed among the macro
blocks included in the unit coding area, and then performs
calculation of the following expression (1).

[Math. 1]

TC=(IM-FA)/BN o)

In the calculation of the expression (1), the amount of
generated codes “FA” concerning the processed blocks is
subtracted from the total target amount “TM” of codes, and
the value obtained as a result of the subtraction is divided by
the number “BN” of unprocessed blocks. As a result of this
calculation, the code amount controller 220 obtains the target
amount “TC” of codes per one macro block.

The code amount controller 220 performs the calculation
of the aforementioned expression (1) as appropriate during
execution of the coding process to thereby update the target
amount of codes per one macro block, and controls the quan-
tization parameter based on the updated target amount of
codes per one macro block.

The reference code amount per one macro block can be
obtained by dividing the bit transfer rate (for example, 10
Mbps) from the image coding device 10 to the image decod-
ing device 30 by the frame rate (for example, 60 fps) of the
moving image and the total number of macro blocks included
in one frame.

As described above, in a case where the amount of gener-
ated codes is managed on a unit coding area basis in the
coding process, increasing the unit coding area to thereby
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enlarge the average zone for obtaining the target amount of
codes per one macro block results in a relatively great value
allowable as the peak value of the amount of codes per one
macro block.

For example, in a case where the whole of one frame is set
as the unit coding area, the total target amount of codes is
larger than in a case where the %5 frame region is set as the unit
coding area. Accordingly, in a case where the whole of one
frame is set as the unit coding area, a relatively great value is
allowable as the peak value of the amount of codes per one
macro block as compared with a case where the %4 frame
region is set as the unit coding area.

When the unit coding area is increased in this manner, a
relatively great value is allowable as the peak value of the
amount of codes per one macro block. Therefore, in a case
where the unit coding area is large, it is possible that a rela-
tively large amount of codes is assigned to, for example, a
specific region within a frame including many high-fre-
quency components than to other regions within the frame.
This can reduce deterioration in the image quality of this
specific region which is caused by the coding, and conse-
quently can improve the image quality in an image obtained
as a result of the decoding process.

On the otherhand, in a case where a region smaller than one
frame is set as the unit coding area, the value allowable as the
peak value of the amount of codes per one macro block is
lowered. Therefore, the image quality in an image obtained as
a result of the decoding process is lowered.

In a case where a region smaller than one frame is set as the
unit coding area, while the image quality obtained as a result
of'the coding process is lowered, the image processing system
1 can shorten time required for transmission of image data
from the image coding device 10 to the image decoding
device 30. FIG. 8 is a diagram showing a transmission opera-
tion of transmitting image data from the image coding device
10 to the image decoding device 30.

To be specific, the image coding device 10 temporarily
accumulates the compressed image data in the transmission
buffer, and at a time point when the coding process on the unit
coding area is completed, transmits the compressed image
data on a unit coding area basis. Then, the image decoding
device 30 decodes the transmitted compressed image data on
a unit coding area basis, to obtain the image data.

At this time, the image processing system 1 separately
performs the coding process in the image coding device 10,
the transmission process of transmitting the compressed
image data, and the decoding process in the image decoding
device 30. Thereby, the time required for transmission of the
image data from the image coding device 10 to the image
decoding device 30 is shortened.

For example, a case is assumed in which a region corre-
sponding to the %5 frame is set as the unit coding area for
performing the coding process as shown in FIG. 8.

In this case, firstly, a coding process EP1 is performed on
image data in a region (upper stage region) AU corresponding
to a V3 frame located in an upper stage of the frame. After the
coding process EP1 on the upper stage region AU is com-
pleted, a transmission process TP1 of transmitting the com-
pressed image data in the upper stage region AU is performed.
The transmission process TP1 transmits the compressed
image data in the upper stage region AU from the image
coding device 10 to the image decoding device 30. Then, the
image decoding device 30 performs a decoding process DP1
on the compressed image data in the upper stage region AU.
Upon completion of the decoding process DP1, a transmis-
sion operation GF1 (more specifically, the coding process
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EP1, the transmission process TP1, and the decoding process
DP1) on the image data in the upper stage region AU is
completed.

Inthe image coding device 10, after the coding process EP1
on the upper stage region AU is completed, a coding process
EP2 starts to be performed on a region (middle stage region)
AM corresponding to a /3 frame located in the middle stage of
the frame. After the coding process EP2 on the middle stage
region AM is completed, a transmission process TP2 of trans-
mitting the compressed image data in the middle stage region
AM is performed. The transmission process TP2 transmits
the compressed image data in the middle stage region AM
from the image coding device 10 to the image decoding
device 30. Then, the image decoding device 30 performs a
decoding process DP2 on the compressed image data in the
middle stage region AM. Upon completion of the decoding
process DP2, a transmission operation GF2 of transmitting
the image data in the middle stage region AM is completed.

Likewise, in the image coding device 10, after the coding
process EP2 on the middle stage region AM is completed, a
coding process EP3 is started to be performed on a region
(lower stage region) AD corresponding to a /3 frame located
in the lower stage of the frame. After the coding process EP3
on the lower stage region AD is completed, a transmission
process TP3 of transmitting the compressed image data in the
lower stage region AD is performed. The transmission pro-
cess TP3 transmits the compressed image data in the lower
stage region AD from the image coding device 10 to the image
decoding device 30. Then, the image decoding device 30
performs a decoding process DP3 on the compressed image
data in the lower stage region AD. Upon completion of the
decoding process DP3, a transmission operation GF3 of
transmitting the image data in the lower stage region AD is
completed.

In this manner, in a case where a region smaller than one
frame is set as the unit coding area for performing the coding
process, the image processing system 1 performs the trans-
mission operation (the coding process, the transmission pro-
cess, and the decoding process) of transmitting the image data
on a unit coding area basis. After the coding process on a
certain unit coding area is completed, the coding process on a
next unit coding area is started. In other words, the transmis-
sion operation of transmitting image data in the next unit
coding area is started. Thus, in the image processing system 1,
the coding process, the transmission process, and the decod-
ing process are sequentially performed on a unit coding area
basis.

In this configuration, as shown in FIG. 8, the transmission
operations of transmitting the image data in unit coding areas
are partially concurrently performed in the image processing
system 1. Accordingly, in the image processing system 1, in a
case where a region smaller than one frame is set as the unit
coding area for performing the coding process, the time
required for transmission of the image data can be shortened
as compared with a case where the entire region AE3 of one
frame is set as the unit coding area for performing a transmis-
sion operation GF4 (more specifically, a coding process EP4,
a transmission process TP4, and a decoding process DP4) of
transmitting image data. Herein, the case where the region
corresponding to the V3 frame is set as the unit coding area and
the case where the region corresponding to one frame is set as
the unit coding area have been taken as an example to describe
shortening of the time required for transmission of image
data. As the unit coding area is smaller, the time required for
transmission of image data is shortened.

Thus, in the image processing system 1, when performing
the coding process, the image coding device 10 changes the
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unit coding area in accordance with a change in the image
quality mode, thereby controlling the image quality.

Shortening of the time required for transmission of image
data can shorten a time period from when image data is
generated by the image generator 11 of the image coding
device 10 to when an image based on this image data is
displayed on the display part 34 of the image decoding device
30. The time period from when an image is generated in the
image coding device 10 to when this image is displayed on the
image decoding device 30 is also called an image-display
delay time.

The image quality of the image displayed on the display
part 34 is correlated with the delay time. Increasing the unit
coding area improves the image quality but increases the
delay time. On the other hand, reducing the unit coding area
lowers the image quality but shortens the delay time. As for
the operation status of the image processing system 1 ata time
of' shifting the image quality mode from the low image quality
mode to the high-side image quality mode, the above-men-
tioned ones are: (1) the status in which a scene to be viewed
and listened to is displayed on the display part 34; (2) the
status in which it is assumed that there is a little input opera-
tion performed by the user; (3) the status in which the image
coding device 10 is reading data; and (4) the status in which
the user does not actually perform an operation on the image
decoding device 30. These operation statuses (1) to (4) can be
also expressed as statuses under which occurrence of a delay
of displaying an image caused by transmission of image data
from the image coding device 10 to the image decoding
device 30 is allowed in the image processing system 1. That
is, the image processing system 1 improves the image quality
of'an image displayed on the display part 34 under the statuses
under which delay of displaying an image is allowed, and in
other words, in statuses under which an increase in the delay
time does not influence the operation of the image processing
system 1.

1-5. Regarding the Operation Statuses

Each of the operation statuses (1) to (4) of the image
processing system 1 at a time of shifting the image quality
mode from the low image quality mode to the high-side image
quality mode will be described in detail.

(1) The Status in which the Scene to be Viewed and Lis-
tened to is Displayed on the Display Part 34

In the image processing system 1 of this embodiment, in a
scene primarily intended to be viewed and not requiring an
input operation of the user, the image quality mode is shifted
from the low image quality mode to the high-side image
quality mode. Examples of the scene to be viewed and lis-
tened to include a replay image display scene (replay scene)
and a moving image display scene (movie scene). In addition
to the replay scene and the movie scene, a menu scene for
allowing selection of setting of a game, a help scene for
informing a method for operating a game, and the like, can be
considered as the scenes to be viewed and listened to.

The status in which a scene to be viewed and listened to is
displayed is recognized by the overall controller 12 detecting
the image quality set command that is incorporated in the
program in execution.

The image quality set command may be included in, for
example, a function in a library contained in a software devel-
opment kit (SDK) that is provided to an application developer
(also referred to as “game developer”, or simply as “program-
mer”). In more detail, an image quality set command for
shifting the image quality mode to the high-side image qual-
ity mode (an image quality set command for increasing the
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image quality level) may be incorporated in a function (for
example, a play movie function) for playing a movie scene or
a function (for example, a play replay function) for playing a
replay scene.

An application program interface (API) of these functions
in the library contained in the SDK is released to the appli-
cation developer. Therefore, in a development of application
software (also referred to as “game program”, or simply as
“application”), the application developer calls the function in
accordance with the released API and makes programming,
and thereby can develop an application without caring for
adjustment of the image quality (delay) in accordance with a
scene. The API is a protocol that defines programming pro-
cedures for using the functions in the library.

The image processing system 1 may be configured such
that the above-mentioned library is preliminarily stored in the
ROM ofthe image coding device 10. Alternatively, the library
as well as the game program may be stored in an external
storage medium that is attachable to the image coding device
10 such that the library is provided to the image coding device
10 when the external storage medium is attached to the image
coding device 10.

(2) The Status in which it is Assumed that there is a Little
Input Operation Performed by the User

Examples of the status in which it is assumed that there is
a little input operation performed by the user include a status
in which there are played specific kinds (specific genres) of
games, such as a board game including a Japanese chess
game, a puzzle game, and a simulation game, that require a
thinking time but require relatively little input operation.
Under such a status in which a game program of a specific
genre (application software for a specific genre) is in execu-
tion, the image display with a higher image quality is
demanded rather than shortening of the image-display delay
time, because the visibility of characters or objects (pieces of
the Japanese chess) displayed on the display part 34 is
demanded.

As a method for issuing an image quality set command for
shifting the image quality mode to an image quality mode in
accordance with the kind of the game (game genre), for
example, the following method is conceivable. That is, as a
protocol in making a game program, it is defined that an initial
setting function (genre setting function) that declares a game
genre should be provided in the game program, and thus the
genre setting function that issues the image quality set com-
mand is prepared ina library. FIG. 9 is an exemplary design of
the game program.

To be specific, as shown in FIG. 9, a genre setting function
LFN1 that declares a game genre is prepared in the library.
The genre setting function LFN1 is configured such that an
image quality set command in accordance with a genre indi-
cated by a parameter HS1 is issued.

In this case, the game developer refers to the released API
of the genre setting function, and provides a genre setting
function FN1 in a game program PG1 he/she is making, and
sets a game genre (such as “Action”, “Puzzle”, or “RPG”) in
the parameter HS1 of this genre setting function FN1.

When the genre setting function FN1 is actually executed
by the overall controller 12, the genre setting function LFN1
in the library linked to this genre setting function FN1 is
called. The genre setting function LFN1 in the library
includes a function TFN that issues the image quality set
command in accordance with the genre that is set in the
parameter HS1 with reference to a table indicating the rela-
tionship between the game genre and the image quality set
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command. Accordingly, calling of the genre setting function
LFN1 in the library causes issuance of the image quality set
command.

Forexample, in a case where thekind of the game is Action,
the image quality set command for shifting the image quality
mode to the low-side image quality mode (the image quality
set command for lowering the image quality level) is issued.
The image quality set part 121 having received this image
quality set command lowers the image quality level. For
example, in a case where the game genre is Puzzle, the image
quality set command for shifting the image quality mode to
the low-side image quality mode is issued. The image quality
set part 121 having received this image quality set command
lowers the image quality level.

As another method for issuing the image quality set com-
mand for shifting the image quality mode to an image quality
mode in accordance with the game genre, for example, the
following method is conceivable. That is, the above-men-
tioned genre setting function FN1 is embedded in a function
that is inevitably executed in an initialization process of appli-
cation software. Examples of the function that is executed in
an initialization process of application software include an
encoder initial setting function FN2 in which initial setting
(initialization) of the encoder 13 is performed. FIG. 10 is an
exemplary design of the game program.

To be specific, as shown in FIG. 10, the genre setting
function LFN1 that issues the image quality set command is
provided in the library. Additionally, the number of param-
eters in an encoder initial setting function LFN2 in the library
is increased by one as compared with the conventional case.
That is, a parameter LHS2 concerning the game genre is
newly provided. A genre setting function FN1 that issues the
image quality set command based on the parameter LHS2 is
prepared in the encoder initial setting function LFN2, and the
API of the encoder initial setting function LFN2 is released.

In this case, based on the released API, the game developer
increases, by one, the number of parameters in the encoder
initial setting function FN2 of a game program PG2 he/she is
making. Thus, the game developer newly sets a parameter
HS2 concerning the game genre.

When the encoder initial setting function FN2 is actually
executed by the overall controller 12, the encoder initial set-
ting function LFN2 in the library linked to this encoder initial
setting function FN2 is called. When the encoder initial set-
ting function LFN2 in the library is executed, then the genre
setting function FN1 embedded in the encoder initial setting
function LFN2 is called, so that the image quality set com-
mand is issued.

Preliminarily embedding the genre setting function FN1 in
the encoder initial setting function LFN2 included in the
library can reduce the burden on the game developer. More
specifically, in a case where the genre setting function FN1 is
preliminarily embedded in the encoder initial setting function
LFN2, the game developer newly sets the parameter HS2 of
the encoder initial setting function FN2 in the game program
PG2 he/she is making. If the game developer fails to set the
parameter HS2 when making the game program PG2, a com-
pile error due to a failure to set the parameter occurs at a time
of compiling the game program PG2. This can prompt the
game developer to set the parameter HS. This can prevent in
advance a failure to set the game genre. Thus, the burden on
the game developer is reduced.

In a configuration illustrated herein, the genre setting func-
tion FN1 serving as a second function is prepared in the
encoder initial setting function FN2 serving as a first function,
and execution of'the first function directly causes execution of
the second function. However, this is not limiting. More spe-
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cifically, in a possible configuration, the second function is
prepared in another function included in the first function, and
execution of the first function indirectly causes execution of
the second function. That is, execution of the second function
includes direct and indirect execution achieved by execution
of the first function.

As another method for issuing the image quality set com-
mand for shifting the image quality mode to an image quality
mode in accordance with the game genre, for example, the
following method is conceivable. That is, a comment con-
cerning a game genre written in the game program is detected,
and the image quality set command is issued. FIG. 11 is an
exemplary design of the game program.

To be specific, a preprocessor that performs preprocessing
before compiling is given a function for converting a com-
ment (character string) concerning a game genre into a source
code of the image quality set command for shifting the image
quality mode to an image quality mode in accordance with the
game genre written in the comment.

In this case, as shown in FIG. 11, the game developer writes
a comment TX1 of the game genre in a game program PG3
he/she is making. When this game program PG3 is compiled,
an object code in accordance with the above-mentioned
source code of the image quality set command is generated.
Execution of the game program PG3 by the overall controller
12 causes issuance of the image quality set command for
shifting the image quality mode to the image quality mode in
accordance with the game genre.

This method for issuing the image quality set command
based on the comment contained in the game program is
applicable to the above-described method (1) in which the
scene to be viewed and listened to is detected and the image
quality set command is issued.

To be specific, the preprocessor is given a function for
converting a comment concerning a scene (scene name) into
a source code of the image quality set command for shifting
the image quality mode to an image quality mode in accor-
dance with this scene.

In this case, the game developer writes this scene name as
a comment in a source code set describing a certain scene
(such as a menu scene or a help scene) in the game program,
and when the game program is executed by the overall con-
troller 12, the image quality set command is issued in accor-
dance with the scene.

(3) The Status in which the Image Coding Device 10 is
Reading Data

Under the status in which the image coding device 10 is
reading data, an input operation performed by the user is often
unacceptable, and a delay of displaying an image is allowed.

As amethod for issuing the image quality set command for
shifting the image quality mode to the high-side image qual-
ity mode under the status in which the image coding device 10
is reading data, it is conceivable that the image quality set
command for shifting the image quality mode to the high-side
image quality mode is incorporated in a function concerning
read-out of data.

For example, when an external storage medium is
accessed, there is a high possibility that image data acquired
from the external storage medium would be subsequently
played and displayed. Therefore, the image quality set com-
mand for shifting the image quality mode to the high-side
image quality mode is incorporated in a function for access-
ing the external storage medium.

Accordingly, in a case where an access request for access to
the external storage medium occurs and a program that has
been made by using the API of the function for accessing the

10

15

20

25

30

35

40

45

50

55

60

65

24

external storage medium is executed, the image quality mode
is automatically shifted to the high-side image quality mode.

(4) The Status in which the User does not Actually Perform
an Operation on the Image Decoding Device 30

Under the status in which the user does not actually per-
form an operation on the image decoding device 30, it is not
necessary to display an image in response to an input opera-
tion performed by the user. Therefore, a delay of displaying
an image is allowed.

As a method for detecting the status in which the user does
not actually perform an operation on the image decoding
device 30, for example, a method is adoptable in which a
situation where the amount of operation performed by the
user is equal to or less than a predetermined amount is
detected based on the operation information received from
the image decoding device 30.

More specifically, the overall controller 12 detects an oper-
ating state of the user based on the operation information
received from the image decoding device 30. The overall
controller 12 notifies the image quality set part 121 of the
detected operating state. The image quality set part 121 iden-
tifies a non-operation period based on the notification of the
operating state, and variably changes the image quality mode
in accordance with the non-operation period.

As a method for variably changing the image quality mode
in accordance with the non-operation period, for example, a
method is adoptable in which a plurality of different threshold
values are provided and the image quality level is increased
stepwise each time the non-operation period exceeds any of
the threshold values. In this embodiment, since three kinds of
image quality modes are provided, the image quality mode is
changed stepwise in the order of low image quality
mode—middle image quality mode—high image quality
mode in accordance with the non-operation period. Stepwise
changing the image quality mode in this manner enables the
image quality to be changed without giving a visually uncom-
fortable feeling to the user who is enjoying the game.

Instead of the stepwise change, the image quality mode
may be rapidly shifted from the low image quality mode to the
high image quality mode at a time point when the non-opera-
tion period exceeds a certain threshold value. When an input
operation performed by the user is detected and the non-
operation period ends, the image quality mode may be rapidly
shifted from the high image quality mode to the low image
quality mode. Alternatively, the image quality mode may start
to be stepwise shifted to the low image quality mode at a time
point when the non-operation period ends.

Such a variable change in the image quality mode in accor-
dance with the operation status may be implemented in
middleware. In this case, the application developer needs no
particular care for a variable change in the image quality
mode in accordance with the operation status. Here, the
threshold value concerning the non-operation period, which
is used for changing the image quality mode, can be set by the
game developer on application software, too. In middleware,
for example, an operation monitor task which will be
described later is implemented, and a variable change in the
image quality mode in accordance with the operation status is
performed.

As another method for detecting the operation status of the
user, for example, the following method may be mentioned.

To be specific, in a case where the image decoding device
30 includes a sensor (movement detection sensor) for detect-
ing a movement, such as a gyro sensor or an acceleration
sensor, it may be acceptable to detect a movement of the
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image decoding device 30 by using this sensor and variably
change the image quality mode in accordance with this move-
ment.

For example, when the amount of movement of the image
decoding device 30 does not change, it is assumed that the
user does not carry the image decoding device 30. When the
amount of movement is gradually decreasing, it is assumed
that the user does not perform an operation. Accordingly, in a
case where the amount of movement remains unchanged over
apredetermined time period or in a case where the amount of
movement is gradually decreasing, the image quality set part
121 shifts the image quality mode to the high-side image
quality mode.

Alternatively, the image quality mode may be changed in
accordance with the amount of shaking of the image decoding
device 30, the number of times the image decoding device 30
is shaken, the interval of shaking, or the rate of change in the
amount of shaking. For example, when the amount of shaking
is large, the number of times shaking occurs is large, the
interval of shaking is short, or the rate of change in the amount
of shaking is large, it is considered that the amount of opera-
tion performed by the user is large. Therefore, the image
quality mode is shifted to the low image quality mode, to
reduce a delay time. On the other hand, when the amount of
shaking is small, the number of times shaking occurs is small,
the interval of shaking is long, or the rate of change in the
amount of shaking is small, it is considered that the amount of
operation performed by the user is small. Therefore, the
image quality mode is shifted to the high-side image quality
mode. At this stage, stepwise performing the shift of the
image quality mode can change the image quality without
giving a visually uncomfortable feeling to the user. Informa-
tion of the movement detected by the movement detection
sensor is, as the operation information, transmitted from the
image decoding device 30 to the image coding device 10.

The movement detection sensor is, similarly to the opera-
tion part 35, included in the operation detection means pro-
vided in the image decoding device 30. Information detected
by the operation detection means is, as the operation infor-
mation, transmitted to the image coding device 10.

As another method for detecting the operation status of the
user, for example, a method is adoptable in which a task (also
referred to as “operation monitor task™) of monitoring a
user’s operation (which herein includes the input operation
performed through the operation part 35 and the movement of
the image decoding device 30 detected by the movement
detection sensor) is provided so that the operation status of the
user is detected by this task.

To be specific, the operation monitor task (operation moni-
tor means) acquires current scene information and, based on
this scene information, acquires the amount of operation (ex-
pected amount of operation) expected to be performed by the
user in the current scene by using a table that indicates the
relationship between the scene and the expected amount of
operation.

Then, the operation monitor task outputs the image quality
set command in accordance with whether or not the amount of
operation (the number of times the operation is performed,
the interval of operations, the amount of movement, and the
like) actually performed by the user is equal to or larger than
the expected amount of operation. In other words, when the
amount of operation actually performed by the useris equal to
or larger than the expected amount of operation, the image
quality set command for shifting the image quality mode to
the low image quality mode is outputted. When the amount of
operation actually performed by the user is less than the
expected amount of operation, the image quality set com-
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mand for shifting the image quality mode to the high-side
image quality mode is outputted.

Particularly in a case where the same operation is repeat-
edly inputted by the user in the same scene, it is assumed that
the user is repeatedly performing the same operation because
display of an image in response to the user’s operation is
delayed. Accordingly, when the operation monitor task has
detected the status in which the user repeatedly inputs the
same operation in the same scene, the image quality mode is
shifted to the low image quality mode, to reduce a delay time.

In some cases, an operation of the user is suddenly
requested during a time period in which the image quality
mode is being shifted to the high-side image quality mode as
a result of detection of the status in which the user does not
actually perform an operation. For example, in a racing game,
no operation is required before a start, but an operation is
requested immediately after the start. In such a case, it is
preferable that shift of the image quality mode to the low
image quality mode is completed by a time point (also
referred to as “scene change time point”) when the scene is
changed from a scene not requesting a user’s operation to a
scene requesting a user’s operation. FIGS. 12 and 13 are
diagrams for explaining a method for shifting the image qual-
ity mode to the low image quality mode by the scene change
time point.

As a method for shifting the image quality mode to the low
image quality mode by the scene change time point, for
example, a method is adoptable in which, as shown in FIG.
12, an image quality set command CMD for shifting the
image quality mode to the low image quality mode is incor-
porated in a program or a function that executes an event at a
time point prior to a scene change time point HP (“start” in
FIG. 12).

Examples of the event occurring at a time point prior to the
scene change time point HP include a countdown event that
informs a game operator who is playing the racing game of a
start timing. In this case, the image quality set command
CMD is incorporated in a program or a function that execute
s the countdown event in order that this image quality set
command CMD for shifting the image quality mode to the
low image quality mode is issued when countdown for start-
ing a race begins. This enables the image quality mode to be
shifted to the low image quality mode by the scene change
time point HP.

The scene change time point at which the scene is changed
from the scene not requesting a user’s operation to the scene
requesting a user’s operation is also expressed as a time point
at which the operation status is changed from an operation
status under which a delay of displaying an image is allowed
to an operation status under which a delay of displaying an
image is not allowed. In the racing game, for example, six
signals are sequentially turned on, and a timing when all the
signals having been turned on are simultaneously blacked out
(turned off) is set as the start timing. In a case of such a racing
game, a time when the countdown for starting a race begins
means a time when the signals start to be turned on. The
function that executes an event at a time point prior to the
scene change time point HP may be a function in the library
contained in the SDK. In this case, the API of this function is
released to the programmer.

As another method for shifting the image quality mode to
the low image quality mode by the scene change time point,
forexample, a method is adoptable in which, as shown in FIG.
13, a special command SPD is incorporated in a program or a
function that executes an event at the scene change time point
HP. The special command SPD is a command for causing a
compiler to place the above-mentioned image quality set
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command CMD at a time point a predetermined time period
prior to the scene change time point HP.

When the program or the function including this special
command SPD is compiled, the compiler measures clock
counts and places the above-mentioned image quality set
command CMD at a time point the predetermined time period
prior to the scene change time point HP. This enables the
image quality set command CMD to be issued at the time
point the predetermined time period prior to the scene change
time point HP. Therefore, unlike the method shown in FIG.
12, the game developer does not have to consider which event
before the scene change time point HP the image quality set
command CMD should be incorporated in. Thus, the method
shown in FIG. 13 can reduce the burden on the game devel-
oper. The function that executes an event at the scene change
time point HP may be a function in the library contained in the
SDK. In such a case, the API of this function is released to the
programmer.

As thus far described, the image processing system 1
according to this embodiment includes the image coding
device 10 serving as a host device that outputs image data, and
the image decoding device 30 serving as a client device pro-
vided with the display part 34 for displaying an image based
on the image data transmitted from the image coding device
10. The image coding device 10 includes the image quality
controller 15 for controlling the image quality of an image
that is displayed on the display part 34 in accordance with the
operation status SA of the image processing system 1. in the
operation status SA under which a delay of displaying an
image caused by transmission of image data from the image
coding device 10 to the image decoding device 30 is allowed,
the image quality controller 15 increases the image quality of
an image that is displayed on the display part 34.

Accordingly, when the image processing system 1 takes
such an operation status that a delay of displaying an image
caused by transmission of image data from the image coding
device 10 to the image decoding device 30 is allowed, a
control is performed to increase the image quality of an image
that is displayed on the display part 34. This can improve the
image quality of an image that is displayed on the display part
34, without impairing the user friendliness due to a delay
caused as a result of the transmission of image data.

2. Modifications

While an embodiment of the present invention has been
described, the present invention is not limited to the above-
described embodiment.

For example, in the above-described embodiment, the
number of macro blocks included in the unit coding area
serves as the coding condition and is inputted to the coding
part 13. However, this is not limiting. FIG. 14 is a diagram
showing a specific configuration of an image processing sys-
tem 1A according to a modification.

To be specific, as shown in FIG. 14, in the image processing
system 1A, information concerning the image quality level
(image quality information) is directly inputted to the coding
part 13 (in more detail, to the code amount controller 220).

More specifically, the image processing system 1A has the
image quality set part 121 provided in the overall controller
12. The image quality controller 15 of the image processing
system 1A is a function part achieved by cooperation of the
image quality set part 121 and the coding part 13. The image
processing system 1A has the same structure and the same
function as those of the image processing system 1 (see FIG.
2) ofthe above-described embodiment, except that the overall
controller 12 of an image coding device 10A does not include
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the coding condition set part 220. Thus, the common parts are
denoted by the common reference signs, and descriptions
thereof are omitted.

In the code amount controller 220 that receives the image
quality information, the unit coding area is identified based on
the received image quality information, and the coding pro-
cess is performed. The identification of the unit coding area is
achieved by using, for example, a table indicating the rela-
tionship between the image quality level and the size of the
unit coding area. As the image quality information, for
example, the image quality mode is adoptable. In a case of
adopting the image quality mode, a flag assigned to each of
the image quality modes is inputted to the code amount con-
troller 220.

The image quality level and the delay time are correlated
with each other. Accordingly, it may be also acceptable that
information (delay time information) concerning a delay time
(allowable delay time) allowed in displaying an image on the
display part 34 is directly inputted to the coding part 13 (in
more detail, to the code amount controller 220). FIG. 15is a
diagram showing a specific configuration of an image pro-
cessing system 1B according to a modification.

To be specific, as shown in FIG. 15, in the image processing
system 1B according to the modification, a delay time set part
125 is newly provided in the overall controller 12. The image
quality controller 15 of the image processing system 1B is a
function part achieved by cooperation of the delay time set
part 125 and the coding part 13. The image coding device 10B
is different from the image processing system 1 (see FIG. 2)
of the above-described embodiment, in that the overall con-
troller 12 includes the delay time set part 125 but does not
include the image quality set part 121 and the coding condi-
tion set part 220. Except for these different points, the image
processing system 1B has the same structure and the same
function as those of the image processing system 1 of the
above-described embodiment. Thus, the common parts are
denoted by the common reference signs, and descriptions
thereof are omitted.

The delay time set part 125 sets an allowable delay time in
displaying an image on the display part 34 in accordance with
the operation status of the image processing system 1B, and
outputs delay time information concerning the allowable
delay time that has been set. The delay time information is
inputted to the code amount controller 220.

In the code amount controller 220, the unit coding area is
identified based on the received delay time information, and
the coding process is performed. Here, the identification of
the unit coding area is achieved by using, for example, a table
indicating the relationship between the delay time and the
size of the unit coding area.

In the above-described embodiment, the image quality set
part 121 identifies the non-operation period, and sets the
image quality mode based on the identified non-operation
period. However, this is not limiting. To be specific, the image
quality set part 121 may set the image quality mode in accor-
dance with the frequency at which non-operation occurs dur-
ing the predetermined time period. Alternatively, both of the
non-operation period and the frequency of non-operation
may be used as indexes for changing the image quality mode.

Although three kinds of image quality modes are provided
in the above-described embodiments, this is not limiting. The
number of kinds of the image quality mode may be two, or
may be four or more.

It may be also possible that different variable ranges of the
image quality level are set for different game genres. FIG. 16
is a diagram showing the relationship between the game genre
and the variable range of the image quality level.
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To be specific, as shown in FIG. 16, in a game (such as a
board game and an RPG) that is assumed to involve a rela-
tively small amount of operation, the image quality level is
shifted to the high image quality side. In a game (such as a
racing game and an action game) that is assumed to involve a
relatively large amount of operation, the image quality level is
shifted to the low image quality side, to reduce a delay time.

Setting the variable range of the image quality level in
accordance with a game genre in this manner enables the user
to enjoy a game with the most optimal image quality in
accordance with the kind of the game.

In the above-described embodiments, the operation sta-
tuses (1) to (4) are illustrated as the operation status under
which the image quality is changed. However, the image
quality set part 121 may change the image quality level under
another operation status (5) or upon detection of another
operation status.

Another operation status (5-1) is, for example, a status in
which the position of the viewpoint of viewing a 3D image is
continuously moving in generation of the 3D image. More
specifically, when a 3D image is generated, whether or not the
position of the viewpoint of viewing this 3D image is moving
is detected. In a case where the position of the viewpoint is
continuously moving, the image quality mode is changed. A
pattern of changing the image quality mode varies depending
on whether or not the user has performed an operation at a
time point a predetermined period prior to occurrence of the
movement of the viewpoint.

In more detail, in the image generator 11 that generates a
3D image, the position of the viewpoint of viewing the 3D
image is changed prior to 3D rendering, by means of viewing
transformation that transforms a 3D space into a space viewed
from a designated viewpoint. The image generator 11 detects
whether or not the viewing transformation has been per-
formed, and thereby detects a change in the position of the
viewpoint. In a case where the image generator 11 has
detected a continuous change in the position of the viewpoint,
the image generator 11 outputs, to the overall controller 12, a
signal indicating that the position of the viewpoint is continu-
ously changing.

In a case where the signal indicating that the position of the
viewpoint is continuously changing is received and addition-
ally the user has performed an operation in a predetermined
period before this signal is received, the overall controller 12
issues an image quality set command for shifting the image
quality mode to the low image quality mode. In a case where
the signal indicating that the position of the viewpoint is
continuously changing is received and additionally the user
has not performed an operation in the predetermined period
before this signal is received, the overall controller 12 issues
an image quality set command for shifting the image quality
mode to the high-side image quality mode.

Thus, in a case where a continuous change in the position
of the viewpoint is detected and additionally the user has
performed an operation at a time point a predetermined
period prior to occurrence of the movement of the viewpoint,
the image quality mode is shifted to the low image quality
mode. This enables an image to be smoothly displayed in
response to the operation performed by the user.

In a case where a continuous change in the position of the
viewpoint is detected and additionally the user has not per-
formed an operation at a time point a predetermined period
prior to occurrence of the movement of the viewpoint, the
image quality mode is shifted to the high-side image quality
mode, so that a delay of displaying an image is allowed. As a
result, a delay of displaying an image is allowed under a status
in which the amount of calculation processing performed at a
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time of compression is assumed to increase due to a large
change in an image, that is, due to a change in the position of
the viewpoint. This can reduce a load on the image coding
device 10, and also can display an image with a high image
quality. Here, as the status in which a continuous change in
the position of the viewpoint is detected and additionally the
user has not performed an operation in a predetermined
period prior to occurrence of the movement of the viewpoint,
for example, the following status is assumed. That is, in a golf
game, a replay video image of a shot is played and displayed
from the viewpoint of a flying ball. In this case, a video image
with a high definition can be displayed.

Still another operation status (5-2) is, for example, a status
in which the image coding device 10 is set such that it does not
accept an input from the operation part 35 of the image
decoding device 30. As a method for detecting such a status,
for example, a method is adoptable in which an image quality
set command for shifting the image quality mode to the high-
side image quality mode is incorporated in a function that
prevents the image coding device 10 from accepting an input
from the operation part 35. More specifically, in a certain
specific scene or state, the image coding device 10 may some-
times execute a function that prevents acceptance of an input
from the operation part 35. Accordingly, since the image
quality set command for shift the image quality mode to the
high-side image quality mode is incorporated in such a func-
tion, the image quality mode can be shifted to the high-side
image quality mode under a status in which the user does not
perform an operation (more precisely, under a status in which,
even when an operation is performed, this operation is not
acceptable).

To the contrary, it may be possible that an image quality set
command for shifting the image quality mode to the low
image quality mode is incorporated in a function that causes
the image coding device 10 to accept an input from the opera-
tion part 35. This enables the image quality mode to be
smoothly shifted to the low image quality mode even in a case
where a status is changed from the status not accepting an
input from the operation part 35 to the status accepting an
input from the operation part 35. The function that prevents
the image coding device 10 from accepting an input from the
operation part 35 and the function that cause the image coding
device 10 to accept an input from the operation part 35 may be
functions in the library contained in the SDK. In this case, the
APIs of these functions are released to the programmer.

As a method for detecting another operation status (5-3)
and controlling the image quality, for example, a method is
adoptable in which the image quality level is controlled based
on the motion vector that is detected by the inter-prediction
part 215 of the coding part 13. The image quality set part 121
acquires information (inter-prediction information) concern-
ing the motion vector from the coding part 13. Then, for
example, when the motion vector is large, the image quality
set part 12 shifts the image quality mode to the low image
quality mode.

While the invention has been described in detail, the fore-
going description is in all aspects illustrative and not restric-
tive. It is therefore understood that numerous modifications
and variations not illustrated herein can be devised without
departing from the scope of the invention.

DESCRIPTION OF REFERENCE NUMERALS

1, 1A, 1B image processing system

10, 10A, 10B image coding device (host device)
11 image generator

12 overall controller



US 9,406,104 B2

31

13 coding part

15 image quality controller

30 image decoding device (client device)
34 display part

35 operation part

121 image quality set part

122 coding condition set part

125 delay time set part

We claim:
1. An image processing system comprising:
a host device that outputs image data; and
a client device including a display that displays an image
based on said image data transmitted from said host
device, wherein
said host device includes circuitry configured to:
control an image quality of an image displayed on said
display in accordance with an operation status of said
image processing system; and
in a case that said operation status is a status under which
a delay of displaying an image which is caused by
transmission of image data from said host device to
said client device is allowed, increase an image qual-
ity of an image displayed on said display, the delay of
displaying the image being a delay of a time at which
a first frame of the image data is displayed on the
display, wherein
said operation status under which said delay of displaying
an image is allowed includes a status in which a scene is
displayed on said display, said scene being an object to
be viewed and listened to,
said host device includes a memory that stores a program
for playing said scene,
in a source code of the program for playing said scene, a
name of said scene is written as a comment,
said circuitry performs a preprocess prior to compiling that
converts the comment concerning the name of said scene
into a source code of an image quality set command for
increasing said image quality, and
said circuitry sets said image quality in response to the
image quality set command that is issued as a result of
execution of said program that includes an object code
generated from said source code.
2. The image processing system according to claim 1,
wherein
said circuitry is further configured to:
set an image quality level of an image displayed on said
display in accordance with said operation status, and
output image quality information concerning the
image quality level that has been set;
set a coding condition that is used in coding, based on
said image quality information; and
perform a coding process on said image data based on
said coding condition, and
in said operation status under which said delay of display-
ing an image is allowed, said circuitry outputs the image
quality information for increasing said image quality
level.
3. The image processing system according to claim 2,
wherein
said circuitry is further configured to:
identify a unit coding area based on the image quality
information and output said unit coding area as said
coding condition, said unit coding area being a region
within one frame of image data and indicating a range of
management of the amount of generated codes gener-
ated by coding; and
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determine a target amount of codes per one macro block
based on said coding condition and control a quantiza-
tion parameter, said macro block being obtained as a
result of dividing one frame into a plurality of regions;
and
perform a quantization process by using a quantization step
that is determined in accordance with said quantization
parameter, and generating coded image data.
4. The image processing system according to claim 3,
wherein
said circuitry is further configured to determine the target
amount of codes per one macro block included in said
unit coding area such that the amount of generated codes
forsaid unit coding area falls within a total target amount
of codes for said unit coding area.
5. The image processing system according to claim 2,
wherein
said client device includes second circuitry configured to
perform a decoding process on image data transmitted
from said host device, and
said image processing system separately and sequentially
performs, on a unit coding area basis, said coding pro-
cess, a transmission process of transmitting image data
from said host device to said client device, and said
decoding process.
6. The image processing system according to claim 2,
wherein
said operation status under which said delay of displaying
an image is allowed includes a status in which applica-
tion software of a specific genre that requires a thinking
time of a user who is visually checking said display is in
execution.
7. The image processing system according to claim 6,
wherein
said host device includes a memory that stores a function
forissuing an image quality set command in accordance
with a genre of application software,
said function is used in the application software of said
specific genre,
in the application software of said specific genre, said
specific genre is set as a parameter of said function, and
in a case that the image quality set command for increasing
said image quality level is issued as a result of execution
of the application software of said specific genre, said
circuitry sets said image quality level in response to said
image quality set command.
8. The image processing system according to claim 7,
wherein
an API of the function for issuing the image quality set
command in accordance with a genre of application
software is released to a programmer.
9. The image processing system according to claim 6,
wherein
said host device includes a memory that stores a first func-
tion and a second function, said first function being
executed in an initialization process of application soft-
ware, said second function being for issuing an image
quality set command in accordance with a genre of
application software that is set in a parameter of said first
function,
said first function is used in the application software of said
specific genre,
in the application software of said specific genre, said
specific genre is set as the parameter of said first func-
tion,
said second function is executed as a result of execution of
said first function, and
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in a case that an image quality set command for increasing
said image quality level is issued as a result of execution
of the application software of said specific genre, said
circuitry sets said image quality level in response to said
image quality set command.
10. The image processing system according to claim 9,
wherein
an API of said first function is released to a programmer.
11. The image processing system according to claim 2,
wherein
said operation status under which said delay of displaying
an image is allowed includes a status in which said host
device is reading data.
12. The image processing system according to claim 11,
wherein
said host device includes a memory that stores a program
for executing read-out of data,
an image quality set command for increasing said image
quality level is incorporated in said program, and
in a case that the image quality set command is issued as a
result of execution of said program, said circuitry sets
said image quality level in response to said image quality
set command.
13. The image processing system according to claim 12,
wherein
the program for executing read-out of data is configured as
a function, and
an API of said function is released to a programmer.
14. The image processing system according to claim 11,
wherein
the status in which said host device is reading data includes
a status in which said host device is reading data from an
external storage medium that is attached to said host
device.
15. The image processing system according to claim 2,
wherein
said client device includes second circuitry configured to
detect a user’s operation on said client device, and
said operation status under which said delay of displaying
animage is allowed includes a status in which an amount
of user’s operation detected by said second circuitry is
equal to or less than a predetermined amount.
16. The image processing system according to claim 15,
wherein
said client device transmits, as operation information,
information detected by said second circuitry to said
host device, and
in a case where a non-operation period identified based on
said operation information is equal to or longer than a
predetermined period, said circuitry outputs the image
quality information for increasing said image quality
level.
17. The image processing system according to claim 15,
wherein
said client device transmits, as operation information,
information detected by said second circuitry to said
host device,
said circuitry monitors a user’s operation on said client
device based on said operation information, and
in a case where the amount of user’s operation is equal to or
larger than a predetermined amount, said second cir-
cuitry outputs an image quality set command for lower-
ing said image quality level, and in a case where the
amount of user’s operation is less than the predeter-
mined amount, said second circuitry outputs an image
quality set command for increasing said image quality
level.
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18. The image processing system according to claim 15,
wherein
said host device includes a memory that stores a program
for executing a predetermined event at a time point prior
to a scene change time point at which a scene is changed
from a scene not requesting a user’s operation to a scene
requesting a user’s operation,
an image quality set command for lowering said image
quality level is incorporated in said program, and
when the image quality set command is issued as a result of
execution of said program, said circuitry sets said image
quality level in response to said image quality set com-
mand.
19. The image processing system according to claim 18,
wherein
the program for executing said predetermined event is con-
figured as a function, and
an API of said function is released to a programmer.
20. The image processing system according to claim 15,
wherein
said host device includes a memory that stores a program
for executing an event at a scene change time point at
which a scene is changed from a scene not requesting a
user’s operation to a scene requesting a user’s operation,
a source code of the program for executing an event at said
scene change time point includes a special command for,
when the source code is compiled, placing an image
quality set command for lowering said image quality
level at a time point a predetermined time period prior to
said scene change time point, and
when the image quality set command is issued as a result of
execution of said program that includes an object code
generated by compiling of said source code, said cir-
cuitry sets said image quality level in response to said
image quality set command.
21. The image processing system according to claim 20,
wherein
the program for executing an event at said scene change
time point is configured as a function, and
an API of said function is released to a programmer.
22. The image processing system according to claim 2,
wherein
said circuitry outputs image quality information for lower-
ing the image quality level at a time point prior to a time
point when the operation status is changed from an
operation status under which said delay of displaying an
image is allowed to an operation status under which said
delay of displaying an image is not allowed.
23. The image processing system according to claim 2,
wherein
said client device includes second circuitry configured to
detect a user’s operation on said client device,
said client device transmits, as operation information,
information detected by said second circuitry to said
host device, and
said operation status under which said delay of displaying
an image is allowed includes a status in which said host
device is set such that said host device does not accept an
instruction based on said operation information.
24. The image processing system according to claim 23,
wherein
said host device includes a memory that stores a program
for preventing acceptance of an instruction based on said
operation information,
an image quality set command for increasing said image
quality level is incorporated in said program, and
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when the image quality set command is issued as a result of
execution of said program, said circuitry sets said image
quality level in response to said image quality set com-
mand.
25. The image processing system according to claim 24,
wherein
the program for preventing acceptance of an instruction
based on said operation information is configured as a
function, and
an API of said function is released to a programmer.
26. The image processing system according to claim 2,
wherein
said circuitry is configured to generate a 3D image,
said client device includes second circuitry configured to
detect a user’s operation on said client device,
said client device transmits, as operation information,
information detected by said second circuitry to said
host device,
in a case where viewing transformation that continuously
changes the position of a viewpoint is performed in
generation of a 3D image, said circuitry outputs a signal
indicating that the position of the viewpoint is continu-
ously changing, and
in a case where a user’s operation performed in a predeter-
mined period prior to reception of the signal indicating
that the position of the viewpoint is continuously chang-
ing is detected based on said operation information, said
circuitry outputs the image quality information for low-
ering said image quality level.
27. The image processing system according to claim 1,
wherein
said host device includes a memory that stores a program
for playing said scene,
an image quality set command for increasing said image
quality level is incorporated in said program, and
in a case that the image quality set command is issued as a
result of execution of said program, said circuitry sets
said image quality level in response to said image quality
set command.
28. The image processing system according to claim 27,
wherein
the program for playing said scene is configured as a func-
tion, and
an API (Application Program Interface) of said function is
released to a programmer.
29. The image processing system according to claim 1,
wherein
said circuitry included in said host device is configured to:
set an image quality level of an image displayed on said
display in accordance with said operation status;
output image quality information concerning the image
quality level that has been set;
perform a coding process on said image data based on
said image quality information;
identify a unit coding area based on said image quality
information, determine a target amount of codes per
one macro block based on said unit coding area, and
control a quantization parameter, said unit coding
area being a region within one frame of image data
and indicating a range of management of the amount
of generated codes generated by coding, said macro
block being obtained as a result of dividing one frame
into a plurality of regions; and
perform a quantization process by using a quantization
step that is determined in accordance with said quan-
tization parameter, and generating coded image data.
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30. The image processing system according to claim 1,
wherein
said circuitry included in said host device is configured to:
set an allowable delay time of displaying an image on
said display in accordance with said operation status,
and output delay time information concerning the
allowable delay time that has been set;
perform a coding process on said image data based on
said delay time information;
identify a unit coding area based on said delay time
information, determine a target amount of codes per
one macro block based on said unit coding area, and
control a quantization parameter, said unit coding
area being a region within one frame of image data
and indicating a range of management of the amount
of generated codes generated by coding, said macro
block being obtained as a result of dividing one frame
into a plurality of regions; and
perform a quantization process by using a quantization
step that is determined in accordance with said quan-
tization parameter, and generating coded image data.
31. An image processing system comprising:
a host device that outputs image data; and
a client device including a display that displays an image
based on said image data transmitted from said host
device, wherein
said host device includes circuitry configured to:
control an image quality of an image displayed on said
display in accordance with an operation status of said
image processing system; and
in a case that said operation status is a status under which
a delay of displaying an image which is caused by
transmission of image data from said host device to
said client device is allowed, increase an image qual-
ity of an image displayed on said display, the delay of
displaying the image being a delay of a time at which
a first frame of the image data is displayed on the
display, wherein
said operation status under which said delay of displaying
an image is allowed includes a status in which applica-
tion software of a specific genre that requires a thinking
time of a user who is visually checking said display is in
execution,
in a source code of the application software of said specific
genre, said specific genre is written as a comment,
said circuitry performs a preprocess prior to compiling that
converts the comment concerning said specific genre
into a source code of the image quality set command for
increasing said image quality level, and
said circuitry sets said image quality level in response to
said image quality set command that is issued as a result
of execution of the application software of said specific
genre that includes an object code generated from said
source code.
32. An image processing system comprising:
a host device that outputs image data; and
a client device including a display that displays an image
based on said image data transmitted from said host
device, wherein
said host device includes circuitry configured to:
control an image quality of an image displayed on said
display in accordance with an operation status of said
image processing system; and
in a case that said operation status is a status under which
a delay of displaying an image which is caused by
transmission of image data from said host device to
said client device is allowed, increase an image qual-
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ity of an image displayed on said display, the delay of
displaying the image being a delay of a time at which
a first frame of the image data is displayed on the
display, wherein
said client device includes second circuitry configured to
detect a user’s operation on said client device, and
said operation status under which said delay of displaying
animage is allowed includes a status in which an amount
of user’s operation detected by said second circuitry is
equal to or less than a predetermined amount,
said second circuitry includes a detection sensor that
detects a movement of said client device caused by a
uset,
said client device transmits, to said host device, operation
information including information detected by said
detection sensor, and
in a case where the amount of movement of said client
device identified based on the information detected by
said detection sensor remains unchanged over a prede-
termined time period, said circuitry increases said image
quality level.
33. An image processing system comprising:
a host device that outputs image data; and
a client device including a display that displays an image
based on said image data transmitted from said host
device, wherein
said host device includes circuitry configured to:
control an image quality of an image displayed on said
display in accordance with an operation status of said
image processing system; and
in a case that said operation status is a status under which
a delay of displaying an image which is caused by
transmission of image data from said host device to
said client device is allowed, increase an image qual-
ity of an image displayed on said display, the delay of
displaying the image being a delay of a time at which
a first frame of the image data is displayed on the
display, wherein
said circuitry is configured to generate a 3D image,
said client device includes second circuitry configured to
detect a user’s operation on said client device, and
said operation status under which said delay of displaying
an image is allowed includes a status in which the posi-
tion of a viewpoint of viewing said 3D image generated
by said circuitry is moving and additionally said second
circuitry has not detected a user’s operation in a prede-
termined period prior to occurrence of the movement of
the position of the viewpoint.
34. The image processing system according to claim 33,
wherein
said client device transmits information detected by said
second circuitry, which serves as operation information,
to said host device,
in a case where viewing transformation that continuously
changes the position of said viewpoint is performed in
generation of a 3D image, said circuitry outputs, to said
second circuitry, a signal indicating that the position of
the viewpoint is continuously changing, and
in a case where a user’s operation performed in a predeter-
mined period prior to reception of the signal indicating
that the position of the viewpoint is continuously chang-
ing is not detected based on said operation information,
said second circuitry outputs image quality information
for increasing said image quality level.
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35. A host device comprising:

circuitry configured to:

generate image data of an image to be displayed on a

display of a client device, and output said image data;

control an image quality of an image displayed on said

display in accordance with an operation status of an

image processing system that includes said host device

and said client device; and

increase the image quality of said image in a case that
said operation status is a status under which a delay of
displaying an image which is caused by transmission
of image data from said host device to said client
device is allowed, the delay of displaying the image
being a delay of a time at which a first frame of the
image data is displayed on the display, wherein

said operation status under which said delay of displaying

an image is allowed includes a status in which a scene is
displayed on said display part, said scene being an object
to be viewed and listened to,

said host device includes a memory that stores a program

for playing said scene,

in a source code of the program for playing said scene, a

name of said scene is written as a comment,

said circuitry performs a preprocess prior to compiling that

converts the comment concerning the name of said scene
into a source code of an image quality set command for
increasing said image quality, and

said circuitry sets said image quality in response to the

image quality set command that is issued as a result of
execution of said program that includes an object code
generated from said source code.

36. A method for operating an image processing system
including a host device that outputs image data and a client
device having a display that displays an image based on said
image data transmitted from said host device, said method
comprising:

(a) in said host device, recognizing an operation status of

said image processing system; and

(b) in a case where an operation status under which a
delay of displaying an image which is caused by
transmission of image data from said host device to
said client device is allowed is recognized in said step
(a), increasing an image quality of an image displayed
on said display, the delay of displaying the image
being a delay of a time at which a first frame of the
image data is displayed on the display, wherein

said operation status under which said delay of displaying

an image is allowed includes a status in which a scene is
displayed on said display, said scene being an object to
be viewed and listened to,

said host device includes a memory that stores a program

for playing said scene,

in a source code of the program for playing said scene, a

name of said scene is written as a comment,

said method further comprising performing a preprocess

prior to compiling that converts the comment concern-
ing the name of said scene into a source code of an image
quality set command for increasing said image quality,
and

said method further comprising setting said image quality

in response to the image quality set command that is
issued as a result of execution of said program that
includes an object code generated from said source code.

37. The method for operating the image processing system
according to claim 36, further comprising:

setting an image quality level of an image displayed on said

display in accordance with the operation status, and
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outputting image quality information concerning the
image quality level that has been set;

setting a coding condition that is used in coding, based on

said image quality information; and

performing a coding process on said image data based on

said coding condition, wherein

in said setting of the image quality level, the image quality

information for increasing said image quality level is
outputted in said operation status under which said delay
of displaying an image is allowed.

38. The method for operating the image processing system
according to claim 37, wherein

in said setting of the coding condition, a unit coding area is

identified based on the image quality information and
said unit coding area is outputted as said coding condi-
tion, said unit coding area being a region within one
frame of image data and indicating a range of manage-
ment of the amount of generated codes generated by
coding,

said performing of the coding process includes:

determining a target amount of codes per one macro
block based on said coding condition and controlling
a quantization parameter, said macro block being
obtained as a result of dividing one frame into a plu-
rality of regions; and

performing a quantization process by using a quantiza-
tion step that is determined in accordance with said
quantization parameter, and generating coded image
data.

39. The method for operating the image processing system
according to claim 38, wherein

in said determining of the target amount, the target amount

of codes per one macro block included in said unit cod-
ing area is determined such that the amount of generated
codes for said unit coding area falls within a total target
amount of codes for said unit coding area.

40. The method for operating the image processing system
according to claim 37, further comprising performing, in said
client device, a decoding process on image data transmitted
from said host device, wherein

in said image processing system, said coding process, a

transmission process of transmitting image data from
said host device to said client device, and said decoding
process are separately and sequentially performed on a
unit coding area basis.

41. The method for operating the image processing system
according to claim 37, wherein

in said setting of the image quality level, image quality

information for lowering the image quality level is out-
putted at a time point prior to a time point when the
operation status is changed from an operation status
under which said delay of displaying an image is
allowed to an operation status under which said delay of
displaying an image is not allowed.

42. A method for making a program stored in a storage part
of'ahost device of an image processing system including said
host device that outputs image data and a client device having
adisplay part that displays an image based on said image data
transmitted from said host device, said method comprising
the steps of:

by a preprocessor that performs a preprocess prior to com-

piling, converting a comment indicating a name of a
scene, which is written in a source code of a program for
playing said scene, into a source code of an image qual-
ity set command for increasing an image quality level of
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an image displayed on said display part, said scene being
an object to be viewed and listened to; and

by compiling, generating from said source code a program

including an object code of said image quality set com-
mand for increasing the image quality level.
43. A method for making a program stored in a storage part
of'ahost device of an image processing system including said
host device that outputs image data and a client device having
adisplay part that displays an image based on said image data
transmitted from said host device, said method comprising
the steps of:
by a preprocessor that performs a preprocess prior to com-
piling, converting acomment indicating a specific genre,
which is written in a source code of application software
of said specific genre, into a source code of an image
quality set command for increasing an image quality
level of an image displayed on said display part; and

by compiling, generating from said source code a program
including an object code of said image quality set com-
mand for increasing the image quality level.
44. A method for making a program stored in a storage part
of'ahost device of an image processing system including said
host device that outputs image data and a client device having
a display that displays an image based on said image data
transmitted from said host device,
said method comprising the step of compiling a first source
code of the program that executes a first event at a scene
change time point at which a scene is changed from a
scene not requesting a user’s operation to a scene
requesting a user’s operation, said first source code
including a first special command for, when said step of
compiling the first source code is executed, placing a
first image quality set command for lowering an image
quality level of an image displayed on said display at a
time point a predetermined time period prior to said
scene change time point, and
said method further comprising the step of compiling a
second source code of the program that executes a sec-
ond event at a time point at which an operation status is
changed from an operation status under which a delay of
displaying an image which is caused by transmission of
image data from said host device to said client device is
not allowed to an operation status under which the delay
is allowed, said second source code including a second
special command for, at the time point, placing a second
image quality set command for increasing the image
quality level of the image displayed on said display, the
delay of displaying the image being a delay of a time at
which a first frame of the image data is displayed on the
display, said operation status under which said delay of
displaying an image is allowed including a status in
which a scene is displayed on said display, said scene
being an object to be viewed and listened to, wherein

in said second source code, a name of said scene is written
as a comment,

said host device performs a preprocess prior to compiling

that converts the comment concerning the name of said
scene into the second source code of the second image
quality set command for increasing said image quality
level, and

said host device sets said image quality level in response to

the second image quality set command that is issued as
a result of execution of said program that includes an
object code generated from said second source code.
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